Abstract: A study was conducted with staff at a fly-in/fly-out mine camp to determine the: hydration knowledge, perceptions and behaviours; hydration status and needs; and perceived taste of potable water. A structured questionnaire was used to survey the self-reported hydration behaviour, knowledge and perception of. The study of the hydration status and needs of day shift staff while at the residential camp comprised measurements at 1800 h and 0600 h of weight, urine specific gravity and fluid intake. Staff rated the perceived taste of bottled, filtered potable and unfiltered potable waters on a seven point visual analogue scale. The mean correct responses to the knowledge items surveyed (n=78) was 9.2 out of 12. Three-quarters (n=15) of the 20 responses to an open-ended question suggested improved water taste to increase water consumption. In the hydration status study (n=46), the mean urine specific gravities at 1800 h and 0600 h were both 1.022, and the median fluid intake and loss rates were both 2.1 ml.kg -1 .h -1 . Staff (n=105) rated unfiltered water (median 4.0) as tasting significantly worse than bottled (median 6.0) or filtered (median 6.0) waters (Friedman test, p<0.001). While dehydration knowledge appears adequate, the observed fluid intakes and specific gravities demonstrate that external factors such as perceived taste of water influence hydration behaviour.
Background and Aims
A study of dehydration in staff was conducted at a fly-in/ fly-out open-cut mining and fertilizer production plant in Australia's dry tropics where staff are exposed to relatively hot temperatures for much of the year. In December 2001 a general health survey of the workforce was conducted, where elevated levels of markers for dehydration such as serum albumin, aspartate transaminase and electrolytes 1, 2) were observed. The prevalence of the clinical indicators of dehydration among workers at the site was concerning and deemed worthy of further investigation.
In response to these observations, a study of the hydration status and needs of staff while at work was initially undertaken in warm climatic conditions in September 2002 and repeated in hot conditions in February 2003 3) . The results of the study demonstrated that while more than threequarters of the participants (September 78.0%, n=32; February 78.0%, n=46) maintained or decreased their urinary specific gravity while at work, approximately twothirds (September 67.3%, n=33; February 64.1%, n=41) arrived at work with a urinary specific gravity of 1.022 or greater, indicative of dehydration. Accordingly, a study of the hydration status and needs of staff during the period at the residential camp was considered necessary to fully address the observed levels of dehydration.
Industrial Health 2007, 45, [579] [580] [581] [582] [583] [584] [585] [586] [587] [588] [589] Dehydration causes numerous impairments to physiological [4] [5] [6] and psychological [7] [8] [9] performance that are enhanced in hot compared to temperate environments 10, 11) . Studies in workplace settings have identified dehydration as a significant risk factor for heat illness due to impaired dissipation of body heat 1) . In hot environments, work must be performed at slower rates to maintain a body temperature of less than 38°C 12) , while elevated body temperatures decrease time to muscle fatigue 13) . Despite the absence of published data in the scientific literature, the significant physiological and neurological effects implicate dehydration as a potential risk factor for occupational injury.
Workers at the site are at increased risk of dehydration and heat illness. The site is located in inland tropical Australia and workers are exposed to hot temperatures for much of the year. The climatic pattern is characterised by hot, wet summers and warm, dry winters. The mean temperatures for September and February are 21°C and 29°C (0900 h) and 29°C and 36°C (1500 h) respectively. The mean relative humidities for September and February are approximately 35% and 50% (0900 h) and 20% and 35% (1500 h) respectively. The effects of the hot ambient temperatures are likely to be exacerbated by the standard protective clothing requirements (long-sleeved shirts, long pants and helmets) for the site which increase sweat rates and decrease evaporative sweat efficiency 14) . Dehydration has been identified as a risk factor for numerous morbidities 15) . These include asthma 16) , urolithiasis 17, 18) and dental erosion 19) . Accordingly, optimal hydration levels are not only vital for workers to perform physical activity and maintain optimal productivity, but importantly, to ensure workplace safety and maintain longterm health.
In response to the findings of the baseline health survey, the at-work hydration study and the known risks, causes and effects of dehydration in occupational settings and hot environments, an epidemiological diagnosis of staff hydration at camp was conducted from April 2003 to November 2004. The overall aim of this series of three studies is to fully define the dynamics of dehydration, and ultimately contribute to healthier work policies, practices and environments. The individual studies and their specific aims are as follows:
• Knowledge, perceptions and behaviours influencing staff hydration at camp; a questionnaire to detail staff behaviours, and their knowledge and perceptions of the indicators, risk and protective factors of dehydration at camp.
• 
Methods
Participation in all stages of the study was voluntary and all day shift staff were invited to participate. The JCU Human Ethics Sub-Committee granted approval for all aspects of this study prior to data collection.
The study was conducted at a fly-in fly-out 24-h operation in remote northwestern Queensland, Australia (latitude 21°53'S, longitude 139°58'E). Staff are transported by aircraft a distance of approximately 1,000 km to and from their place of residence in Townsville for the duration of their roster. Rosters typically consist of 10 by 12 h days shifts/ 5 d in Townsville/ 8 by 12 h nights shifts/ 5 d in Townsville. The operation is staffed at any one time on day shift by an estimated 60 out of an overall total of 180 mining, production and maintenance staff. For the purposes of this study, the period at work on site is defined as "at work", while the period between shifts at the residential camp is defined as "at camp".
Knowledge, perceptions and behaviours influencing staff hydration at camp
The survey of self-reported hydration behaviour, knowledge and perception was conducted with day shift (from 0600 h to 1800 h) staff from 1 to 4 April 2003. The structured questionnaire was self administered with a researcher available to assist participants when required. The risk and protective factors and behaviours, and indicators of hydration included in the survey instrument were identified in a review of the scientific literature. Knowledge of each item was assessed by a response on a Likert scale of strongly agree, agree, mildly agree, mildly disagree, disagree or strongly disagree. Due to the sample size, data of the responses to the knowledge items were collapsed to a dichotomous variable with the categories agree and disagree.
Hydration status and needs of staff at camp
The study was conducted from Monday 2 to Friday 6 and Monday 16 to Friday 20 February 2004 with day shift staff during the period away from work at the residential camp from 1800 h to 0600 h. The measurements, initially conducted at work prior to the finish of day shift at 1800 h and repeated following the start of day shift at 0600 h comprised: measurements of weight, urine specific gravity and fluid intake; and a structured questionnaire detailing demographics and employment data, and hydration behaviour and urinary and faecal excretion. The methods for the collection of data of body weight, fluid intake, and the calculation of fluid loss rates and intake targets have been previously reported 3) as follows: • Total fluid intake during the period of observation was calculated as: (measured fluid intake + estimated other fluid intake) • Total fluid loss during the period of observation was calculated as: ((0600 h weight + total fluid intake) -1800 h weight) • Rate of fluid intake was calculated as:
(total fluid intake) / (1800 h weight × hours of observation) • Rate of fluid loss was calculated as: ((0600 h weight + total fluid intake) -1800 h weight) / (1800 h weight × hours of observation) • Difference in rate of fluid intake and loss was calculated as:
(rate of fluid intake-rate of fluid loss)
All fluid rates are expressed in units of millilitres per kilogram body weight per hour (l.kg -1 .h -1 × 10 -3 ). The hydration calculations were not adjusted for urinary and faecal output during the observation period. Dehydration in this study was defined as a urine specific gravity of 1.022 or higher as it is the midpoint between euhydration of 1.015 and dehydration at 1.030 20) .
Staff perceptions of the taste of potable water available at camp
The double-blind study of the perceived taste of potable water was conducted with day shift staff from 15 to 26 November 2003. Three types of water available at the site were tasted: commercially bottled still water (bottled), potable tap water filtered by a 5 µm filter (filtered), and unfiltered potable tap water (tap). Participants were instructed to taste all three waters prior to rating their perceived taste of the waters on an eight point visual analogue scale from "bad" (zero) to "good" (7) .
Results

Demographic and employment data
Data for the knowledge, perceptions and behaviours survey, the hydration status and needs and the perceived taste of water studies are available for a total of 78, 46 and 105 participants respectively (Table 1) . Participants were predominantly male, 
Knowledge, perceptions and behaviours influencing staff hydration at camp
The mean score for the knowledge items in the survey was 9.2 correct responses out of a maximum possible 12 questions (Table 2) . While more than three quarters of participants correctly identified full strength beer (90%, n=70) and coffee (88%, n=68) as dehydrating, more than two-thirds (69%, n=54) incorrectly identified low alcohol beer as dehydrating. More than three-quarters of participants (92%, n=72) correctly identified urine colour as an accurate indicator of hydration when not drinking alcohol, however almost than half (44%, n=34) incorrectly identified urine colour as an accurate indicator of hydration when drinking alcohol.
Survey participants almost exclusively (95%, n=74) perceived their usual fluid intake as adequate, while threequarters (74%, n=58) of the sample preferred water for rehydration when at camp (Table 3) . Of the one-quarter (26%, n=20) of responses to the open-ended question of motivation to increase water consumption at camp, threequarters (75%, n=15) suggested improved water taste.
Participants reported usually consuming a median of 2.0 × 250 ml cups of water and a median of 3.0 (interquartile range 2.0-6.0) standard alcoholic drinks per session on a median of 3.0 (interquartile range 2.0-6.0) days per week during the period at camp in an average week (Fig. 1) .
Hydration status and needs of staff at camp 1) Hydration data
The mean urine specific gravities for both the 1800 h and 0600 h measurements were 1.022 (1800 h interquartile range, 1.016-1.027; 0600 h interquartile range, 1.014-1.025) ( Table 4 ). The median difference in specific gravity was 0.000 (interquartile range -0.009-0.004); half (50%, n=23) of the participants maintained or decreased their specific gravity. The median fluid intake and loss rates were both 2.1 ml.kg -1 .h -1 (interquartile ranges 1.6-2.9 ml.kg ). All participants reported urinating (100%, n=46), while more than half of the sample reported faecal excretion (57%, n=26).
Subjects undertaking physical activity at camp had a significantly lower median specific gravity at 1800 h (1.018, Mann-Whitney test, p=0.034) and an overall increase in specific gravity (+0.002, Mann-Whitney test, p=0.023) compared to subjects that reported no physical activity while at camp (Table 5) . A non-significant trend towards decreased specific gravity was observed for operators and trade staff (-0.004) compared to an increase for superintendents, engineers and administration staff (+0.002, Mann-Whitney test, p=0.071). No other significant differences in specific gravity data were observed for categories of gender, employer, occupation, workplace location, alcohol or coffee consumption at camp.
2) Fluid balance data Subjects reporting alcohol consumption while at camp had significantly higher rates of fluid intake (2.9 ml.kg -1 .h -1 , MannWhitney test, p=0.003) and loss (2.5 ml.kg -1 .h -1 , MannWhitney test, p=0.028), with no accompanying significant difference (Mann-Whitney test, p=0.705) in fluid balance compared to those not consuming alcohol (Table 6 ). While no other significant differences in fluid intake, loss and difference between fluid intake and loss were observed when analysed according to gender, employer, occupation, faecal excretion, urination or meals there were nonsignificant trends towards increased fluid intakes at camp for participants working predominantly in shade while at work (Kruskal-Wallis test, p=0.092) or consuming caffeine at camp (Mann-Whitney test, p=0.062).
Staff perceptions of the taste of potable water available at camp
Participants rated tap water (median 4.0, interquartile range 3.0-5.5) as tasting significantly worse than bottled (median 6.0, interquartile range 5.0-6.5) or filtered (median 6.0, interquartile range 4.0-6.0) water (Friedman test, p<0.001) on a seven point visual analogue scale from "bad" to "good" (Fig. 2) . The mean intra-rater ranking (from lowest =1 to highest =3) of tap water (1.6) was significantly lower than filtered (2.1) and tap (2.3) water (Kendall's 
Discussion
This series of studies aimed to define the dynamics of dehydration at the camp of a minerals processing operation to generate solutions to identified issues. As a foundation, the hydration knowledge, perceptions and self-reported behaviours of staff were surveyed. The median number of correct responses to items of knowledge of the risk and protective factors and indicators of hydration was 9.2 from a possible maximum total of 12 ( Table 2 ). These findings indicate that staff knowledge of dehydration is generally adequate. However, the median fluid intake volume over the 12 h while at camp of 2.1 ml.kg
, or 2.4 l for an 95 kg person, and the pre-(0600 h) and post-shift (1800 h) specific gravities both of 1.022 respectively observed in this series of studies (Table 4) demonstrate that knowledge alone is insufficient to motivate behavioural change due to the external factors that influence behaviour 21) . The taste of tap water was identified in this series of studies as an important external barrier for staff to optimal hydration while at camp. A key finding of the survey at camp was the perceived poor taste of the unfiltered tap water available at the camp. Three-quarters of the responses (19% of all subjects) to the open-ended item eliciting suggestions for staff to increase their water intake at camp identified a need to improve either the water quality or taste at camp (Table 3) . These responses were corroborated by the double-blind taste testings where staff perceived tap water as tasting significantly worse than both bottled and filtered tap water. These results in combination provide highly confirmatory evidence of the unpalatability of unfiltered tap water at camp. As the availability of fluids with taste appeal has previously been demonstrated to significantly increase hydration rates and contribute to voluntary hydration 22, 23) , enhancing the palatability of unfiltered tap water represents the most promising solution to address the observed imbalance between the fluid loss and intake rates.
The median fluid intake and loss rates observed in the study of hydration status at camp were 2.1 ml.kg -1 .h -1 during the observation period with no accompanying median change in urine specific gravity (Table 4) . These results in tandem indicate that the observed level of rehydration is inadequate to restore fluid lost during the preceding shift. Staff require a fluid intake at camp of sufficient volume to not only maintain adequate hydration, but to restore fluid levels in preparation for the subsequent working day 24) . In order to achieve these targets, staff require strategies and facilities to hydrate prior to commencing work, and to rehydrate aggressively following the cessation of their shift to prepare for the subsequent shift 25) . The overall median specific gravity measurement at the start of shift (0600 h) of 1.022 represents an important occupational safety issue. This level of dehydration is consistent with findings for subjects experiencing a restricted fluid intake for 12 h in a clinical setting 2) , and is high when compared to hydration standards adopted in industrial settings. Underground minerals extraction operations in Australia have introduced pre-work hydration testing in response to heat illness being identified as a site risk, where a urinary specific gravity of 1.022 has been adopted as the cut-off point for fitness to work 20) . Approximately half of employees at 1800 h (52%) and 0600 h (48%) tests were unfit for work according to this specific gravity standard.
Consideration should be given to non-punitive urine specific gravity testing of workers scheduled to perform "hot jobs" prior to shift commencement as part of the "Fitness for Work" program. The specific gravity test is non-invasive, relatively simple to administer and provides instant, easily interpreted results 26) . Testing would allow management to actively raise awareness of dehydration as an occupational health and safety issue and may increase employee compliance with arriving for work adequately hydrated in thermally stressful environmental conditions. The immediate benefits for the workforce would potentially include a reduction in both reported and unreported cases of heat stress. Safety and productivity may also be enhanced due to the improved physiological and neurological functioning of employees that accompany improved hydration.
The hydration level observed at the start of day shift at 0600 h in this and the previous study of hydration status at work 3) indicate that facilities and behaviours away from the workplace are of important influence on hydration levels of staff while at work. While no observational data of alcohol or caffeine consumption at camp were collected in this study, the self-reported levels in the survey of behaviours and the hydration status study are consistent with the data collected in consecutive annual health surveys of the workforce. While alcohol has only a mild diuretic effect when consumed in dilute (less than 2 per cent) solution, drinks containing more than 4% alcohol significantly delay rehydration 27) . The median alcohol intake of zero standard drinks in combination with the observed fluid intake volumes is unlikely to impact on the hydration status of the majority of staff. Similarly, only one-third of staff (35%) consumed coffee while at camp in this study. While moderate consumption of caffeine will not lead to a detrimental fluid electrolyte balance, it does stimulate diuresis 28) . Either alcohol or caffeine do not appear to be an important factor influencing fluid loss at camp in this sample, and have been included in the total fluid intake calculations of this study 29) . Specific gravity is maintained or decreased for approximately half (52%) of subjects while at camp, while fluid intake exceeds fluid loss for slightly more than half (59%) of the subjects (Table 4) . These results indicate that the post-and pre-shift weighing method used in this study have provided an accurate estimation of fluid loss 30) . There are no identifiable sources of error in the calculated fluid intake from the analysis of the data collected. The absence of urinary and faecal output weights is unlikely to be a source of measurement error. Almost half (44%) of the study sample reported no faecal output during the observation period, while a further 39% had only one bowel motion. This low frequency of bowel motion, in combination with the aforementioned high specific gravities indicate that any loss of body mass due to urinary or faecal output would be relatively low during the observation period. The loss of body mass due to toilet activity would be balanced in part by food intake. Almost three-quarters (70%) reported having two meals while at camp. No measured data of ingested food mass was collected in this study due to logistical reasons.
A review of the scientific literature indicates that water is the recommended beverage for rehydration at the median fluid loss rate observed in this setting of 200 ml.h -1 , which equates to a total loss of approximately 6 g of sodium chloride 34, 35) over the 13 h period at camp. While much of the research on fluid and electrolyte balance has been conducted in athletic settings with intense physical activity conducted over long durations, carbohydrate and electrolyte supplementation to enhance fluid absorption and replace is only recommended where dietary intake is insufficient to replace the electrolytes lost in sweat 36, 37) . As almost three-quarters (72% , Table 4 ) of the sample consumed two or more meals during the 13 h period at camp, participants in this study would be likely to replenish any electrolytes lost in sweat 38) . In addition, water is preferred for logistical reasons due to ready access and availability in the both the workplace and camp environment. Physiologically, water is preferable to sports drinks due to low sodium and carbohydrate levels 39) . Commercially prepared electrolyte replacement drinks have a limited role in occupational settings and may exceed the salt requirements and cause renal damage due to the hydrogen ion load, dental erosion due to low pH and gastrointestinal complaints due to high sugar levels 40, 41) . The main advantage of carbohydrate-electrolyte beverages is their increased palatability compared to water which may promote increased ad libitum ingestion of fluids 42) . While absorption of beverages increases with sodium content 43) , intracellular fluid replacement can be achieved by the intake of larger volumes of fluid containing little or no sodium 44) .
